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[57] ABSTRACT 

The invention relates to an emulator system which 
allows a disk drive to transparently emulate a tape 
drive. The system converts sequential format tape re- 
cords into block format disk records and visa-versa. 
Identification and conversion information for each of 
the data records are stored in directory located on the 
outermost sectors of the disk. Within each directory are 
a plurality of entries each containing four fields: TAPE 
RECORD NUMBER (TRN); DISK START AD- 
DRESS (DSA); WORD COUNT (WC); and FLAG. 
These fields contain all of the necessary information 
required to map a tape formatted data record to a disk 
and thereafter retrieve the data record from the disk and 
convert it back to tape format. 

12 Claims, 3 Drawing Sheets 
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U.S. Pat. No. 4,775,969 to Osterlund shows a system 
TAPE DRIVE EMULATION SYSTEM FOR A DISK write once read many (WORM) optical disk system and 
DRIVE mapping scheme which emulates a tape system. Oster- 

lund is not a truly transparent emulation, since the map- 
DESCRIPTION 5 p^g sc heme from tape to WORM optical disk does not 

Background of the Invention allow for the erasable and rewritable nature of magnetic 

1. Field of the Invention to P e ; . w . , „ . ^. . , ^ 

The present invention generally relates to a tape M J - Mitchell, Jr., Diskette Load/Dump Control 

drive emulator, and more particularly, to a mapping io IBM Technical Disclosure Bulletin, Vol. 20, No. 4, 

scheme which allows a magnetic or magneto-optical September, 1977 shows a control interface unit which 

disk drive to transparently emulate a tape drive. allows a diskette drive to be driven by magnetic tape 

2. Description of the Prior Art support in a transparent fashion. The mapping scheme 
The magnetic tape drive, once a common computer disclosed by Mitchell, Jr. is a crude load/dump function 

peripheral, has been widely replaced by magnetic or is used for data streaming operations which are performed 

magneto-optical disk drives as the primary mass storage infrequently. The system cannot emulate classical tape 

means for computer systems. These technologies offer function such as erasing or reuse, 
many advantages over magnetic tape technology, the 

most significant of which include ease of data access SUMMARY OF THE INVENTION 

and retrieval speed. However, many computer systems 20 it is an object of the present invention to provide a 

still in use rely on magnetic tape and magnetic tape plug-compatible emulator system which allows a disk 

drive technology to store and retrieve files and applica- drivC( havin m mMt ^ rewritable disk med ium, 

tion programs. Such computer systems do not have a tQ be driven b g uter tem ^ to drive 

controller or interface to ^control utformation or receive 00BU1Iunicatod a upe drive inter- 

information from a disk drive. Extensive hardware and 25 - . . . , * . J. . 

software modifications would be necessary to existing . dls * ^ * Clther a W*ic disk or a rewn- 

systems using magnetic tape as a storage medium in taoIe °P Uca * disk. 

order to enable them to use commercially available disk Briefly, the mvention contemplates an emulation 

technology as a storage medium. system connected between a host computer's tape inter- 

An alternative approach to modifying the computer 30 face and a disk drive device to convert sequential for- 

system to accommodate a disk drive is to have the re- mat tape records into block format disk records and 

placement disk drive transparently emulate a tape drive visa-versa. Identification and conversion information 

in a "plug-compatible" fashion. In this case, no hard- for each data record is stored in a directory located on 

ware modifications to the computer system are re- the outermost sectors of the disk. The directory is com- 

quired. To be completely transparent, an emulator must 35 p ri se d of individual entries each of which correspond to 

be used which is able to accept the entire set of tape a particular data record. Within each directory entry 

drive commands, such as space forward, reverse, erase, m four fields TAPE RECORD NUMBER (TRN); 

etc. from the host computer and translate them to com- DISK START ADDRESS (DSA); WORD COUNT 

mands that can be executed by thedisk system in a (WC); and FLAG. These fields contain all of the neces- 

manner that emulates a tape system. The emulator must 40 mformation required t0 map a tope formatted data 

also be able to send the host computer expected tape- ' , . n ... ,7 ^™ aft „ a. 

drive interrupt signals such as beginning-of-tape (BOT), ?. ? f* iL w ? r t 

end-of-tape <EOT), and inter-record-gap (IRG). ^ <*™«[ « fo ™ at ; . 

Due to the radically different formats between tape ^ d * ector y * located 0,1 * e outer m ° st ^ to JI?f 

and disk drives, one-to-one data mapping is not possible. 45 ^ disk awa V from the actual data records. The TRN 

A disk may store thereon many files, each of which field of a particular directory entry identifies a particu- 

contain a plurality of data records, Disks are commonly lar data record by a number indicative of where the data 

divided into fixed length "sectors" or blocks, which are record would appear sequentially on a tape. The DSA 

normally only 512 or 1024 bytes in length. Data can field identifies the disk address at which the first byte of 

only be written to, or read from a disk in blocks. When 50 the data record can be found on the disk. The WC field 

writing or updating data to a disk, the image of the stores the length of the data record in bytes and, the 

block is stored or created in a buffer, such as a RAM, FLAG field identifies the status of the record i.e. initial 

and written as a block of data to the disk. It is not possi- ( not before used), valid or erased, 

ble to perform operations on individual bytes of data, A redundant directory, which is a mirror image of the 

but rather, operations must be performed on entire 55 mam directory is also provided for back-up in the event 

blocks of data. of a main directory error. 

On the other hand, a reel or cartridge of magnetic 

tape often stores only one file. Within that file there are BRIEF DESCRIPTION OF THE DRAWINGS 

T y T?*J! ^\ ieqM ^i! reCOrded <n The foregoing and other objects, aspects and advan- 

along the length of the tape. Each record, of course, is 60 ... J b . * _ + i * *l r n j 

composed of ^dividual data bytes which are stored on be * etter understood from the following de- 

the tape. Different tape systems may use different for- ^ ed .description of a preferred embodiment of the 

mats to store the data. Conventionally, data bytes are invention with reference to the drawings, in which: 

either recorded across the tape on a single data track FIG. 1 is a bl <> ck diagram of the present invention; 

one after the other or are recorded serially on one of 65 FIG. 2 is a block diagram of the parameter fields 

several data tracks which run parallel along the length within each disk directory entry; 

of the tape. The records are usually sequentially num- FIG. 3 is a flow diagram illustrating a possible off-line 

bered and are separated by inter-record gaps. directory generation utility. 
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_ 42). These two sectors are written to the first two disk 

DETAILED DESCRIPTION OF A PREFERRED ^ mtcrs arc indented to point to 

EMBODIMENT OF THE INVENTION ^ nwt two disk |ectoI1 44). At Wock 44 it * 

Referring now to the drawings, and more particu- determined if the last logical block of the area allocated 
larly to FIG. 1, there is shown a block diagram of the 5 for the directories on the disk has been reached, if so, 
present invention generally referred to by the reference the directory initialization process is complete (block 
numeral 10. A host computer 12 is connected to a tape 48), if not, it is determined at block 50 if the last logical 
interface unit 14 to provide a data and control interface block of the master director has been reached. If the last 
for a typical tape drive system (not shown). An emula- block of the master directory has not been reached, then 
tor 16 is connected between the tape interface 14 and 10 the master directory flag will remain set (block 52) and 
either a magnetic or rewritable optical disk drive 18. the next two blocks of the master directory will be 
The emulator 14 is comprised of a suitable microproces- created in the RAM 22 (block 54) and the cycle is re- 
sor 28, which could be for example, a Motorola 68010, peated (block 44). If the last logical block of the master 
a ROM 20 (for example, ATMEL 27C26), for contain- directory has been reached (block 50), then the master 
ing microprocessor instructions, a RAM 22 (for exam- 15 directory flag is reset (block 56) and the generation of 
pie, Cypress Semiconductor 61 16) for temporarily stor- the master directory is completed (block 52). Starting at 
ing microprocessor program variables and directory block 58, the first two blocks of the redundant directory 
information, a high capacity RAM 24 (for example IDT are created in RAM 22. Redundant directory pointers 
8MP824S) for temporarily storing record data, and an are adjusted (block 60) and the blocks are written to the 
SCSI (small computer system interface) controller 26, 20 disk 18 (block 44). This process is repeated until it is 
which could be for example, an NCR or Logic Devices determined that the last logical block of the directory 
Incorporated 5380. The SCSI controller 26 uses a block area has been reached (block 46) and that the disk direc- 
oriented protocol for expressing the variable sized tory initialization process is complete (block 48). The 
"tape" data as fixed size blocks of data, required by the main and redundant directories are written to the outer- 
disk drive 18. 25 most sectors of the disk, the inner sectors are reserved 

The emulator 16 is plug compatible with the tape for data records, 

interface 14 and serves to translate data formats and Initially, the TRN 30 fields are sequentially num- 

control signals between the disk drive 18 and the tape bered, the DSA 36 and WC 32 fields are set to zero, 

interface 14. There are three possible states for the FLAG field 34; 

In an ofWine mode, the emulator 16 initializes the 30 INITIAL RECORD (F (HEX)), ERASED RECORD 

disk 18 by laying down a master directory on the outer- (E (HEX)), or VALID RECORD (0 (HEX)). Initially 

most sectors. The master directory is made up of a FLAG is set to F (HEX) for INITIAL RECORD, 

plurality of entries. A redundant directory is also ere- indicating that data has never been recorded for that 

ated as a precautionary back-up in the event of a read or directory. 

write error occurring in the master directory. When 35 A tape drive physically moves tape sequentially 
accessing the disk 18, the main directory is always read across read/write heads in response to host computer 12 
first, if a read error occurs, the redundant directory is commands to position the tape to a particular record. In 
then used. The redundant directory is updated with the contrast, the present invention quickly scans directory 
main directory so that an accurate back-up is always entries electronically and sends signals to the host corn- 
available. Of course the disk initialization is performed 40 puter 12 emulating typical tape drive signals such as 
in an off-line mode since the host computer 12 has no EOT, BOT, and IRG. Each directory entry corre- 
way to initiate such an operation. spends to a data record stored elsewhere on the disk. 

FIG. 2 shows four fields contained within each direc- Generally, the host computer 12 when it is first ini- 

tory entry. The fields are TAPE RECORD NUMBER tialized, issues a rewind command so that the tape drive 

(TRN) 30, WORD COUNT (WC) 32, FLAG 34, and 45 heads are positioned to read the start of the first data 

DISK START ADDRESS (DSA) 36. In the preferred record. Thereafter, as the tape is advanced (forward or 

embodiment, TRN 30 is two bytes, WC 32 is two bytes, reverse), the host computer 12 counts the number of 

FLAG 34 is one byte, and DSA 36 is three bytes. The inter-record-gaps (IRG) and adds or subtracts from the 

TRN 30, DSA 36 and WC 34 fields can be larger or count, depending on the direction of the tape motion, in 

smaller depending on such factors as disk size, number 50 order to correctly determine the current position of the 

of bytes in a particular data record and total number of tape heads in relation to the tape, 

data records to be stored on the disk 18. The specific As above, when the present system is initialized, the 

function of each field will be explained below in more host computer 12 assumes that the "tape" head is posi- 

detail. tioned to read data record number one. To emulate this 

FIG. 3 is a flow diagram illustrating a possible way to 55 condition, for all commands other than a stop corn- 
initialize the master and redundant directories to the mand, the first block of main directories is read into 
disk 18. In the preferred embodiment, each directory RAM 22 and the microprocessor 28 looks at the first 
entry is eight bytes long, a block of data contains 512 directory entry. As mentioned above, in the event of a 
bytes and the RAM 22 has 2048 byte capacity. There- read error, the first block of redundant directories will 
fore, two blocks, each containing 128 directories may 60 be read into RAM 22 instead. 

be created and subsequently written to the disk 18 at the For example, a typical "space-forward" command 

same time. The additional capacity of the RAM 22 is instructs a tape drive to sequentially go to the next IRG, 

used by the microprocessor 28 for storage of program e.g. the next record. Likewise, the microprocessor 28 

control variables. will look at the next directory entry stored in RAM 22 

Starting at block 38 of FIG. 3, a flag is set to indicate 65 and issue an IRG signal to the host computer 12. This 

the master directory is being written first (block 40). process will continue with the emulator 16 reading 

The images of the first two master directory sectors are additional directory sectors into RAM 22 until a stop 

created by the microprocessor 28 in RAM 22 (block command is issued or until the last directory entry is 
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read and the emulator 16 sends an END OF TAPE 
(EOT) signal to the host computer 12. 

When writing records to disk 18, starting with direc- 
tory entry number one, data is downloaded from the 
host computer 12 through the tape drive interface 14, to 5 
the emulator 16 wherein the microprocessor 28 and the 
SCSI controller 26 cooperate to format the data into 
blocks. The write data is buffered in the RAM 24 and 
recorded to the disk 18 starting at the address in the 
DSA field 36 of the directory entry currently being 10 
considered by the microprocessor 28. In the case of 
directory entry number one, this address may be ad- 
dress zero. The number of data bytes are counted and 
placed in the WC field 32. FLAG 34 is set to 0 (HEX) 
to indicate that the current directory entry corresponds 15 
to a valid data record. The number of blocks occupied 
by the data is added to the contents of the DSA field 36 
and placed in the DSA field 36 of the next directory 
entry. This provides a disk starting address for data 
which will be cataloged in the next directory entry. 20 

When reading a data record from the disk 18, the 
emulator 16 will progress through the directory entries 
in RAM 22, sending IRG interrupt signals to the host 
computer 12 after each directory entry is read. If 
FLAG 34 at the current entry is set to either E (HEX) 25 
(erased) or F (HEX) (initial), the record is not read. If 
FLAG 34 is set to 0 (HEX) (valid), then the emulator 16 
commands the disk drive 18 to read starting at the ad- 
dress stored DSA 36. The WC 32 is used to determine 
the number of data blocks to be read, and the number of 30 
actual bytes from those data blocks which are to be sent 
to the host 12. The data blocks are buffered by the 
RAM 24. Bytes of data are sequentially sent to the host 
computer 12 via the tape drive interface 14 just as they 
would be if a tape drive had actually been used. 35 

To erase a particular record, the FLAG field 34 in 
the corresponding directory entry is simply set to E 
(HEX) (erased). Since FLAG 34 is always checked 
before reading the disk 18, an erased record will never 
be read. 40 

While the invention has been described in terms of a 
single preferred embodiment, those skilled in the art 
will recognize that the invention can be practiced with 
modification within the spirit and scope of the appended 
claims. 45 

Having thus described my invention, what I claim as 
new and desire to secure by Letters Patent is as follows: 
1. A tape drive emulation system, for allowing a disk 
drive device, connected to a host computer through a 
tape drive interface, to transparently emulate a tape 50 
drive device, comprising: 
first recording means for recording a master direc- 
tory containing a plurality of sequentially num- 
bered entries to an area on a disk, each of said 
sequentially numbered entries corresponding to a 55 
sequentially numbered tape data record, each of 
said entries containing a DISK START AD- 
DRESS field; 
converting means for converting said tape data re- 
cord to a disk format data record; and 60 
second recording means for recording said disk for- 
mat data record to said disk starting at an address 
specified by said DISK START ADDRESS field 
of said corresponding entry. 

65 



2. A tape drive emulation system for a disk drive 
device as recited in claim 1 wherein said entries further 
include a FLAG field, said FLAG field for indicating 
the current status of said corresponding disk data re- 
cord. 

3. A tape drive emulation system for a disk drive 
device as recited in claim 1 wherein said entries further 
include a WORD COUNT field for storing the length 
of said corresponding data record. 

4. A tape drive emulation system for a disk drive 
device as recited in claim 1 wherein said first recording 
means additionally records a redundant directory iden- 
tical to said master directory. 

5. A tape drive emulation system for a disk drive 
device as recited in claim 1 wherein said disk is a mag- 
netic disk. 

6. A tape drive emulation system for a disk drive 
device as recited in claim 1 wherein said disk is a rewri- 
table optical disk. 

7. A tape drive emulation system as recited in claim 1 
wherein said system is plug-compatible with said tape 
drive interface. 

8. A method for mapping tape format data records to 
a disk, comprising the steps of: 

recording a master directory to said disk, said master 
directory comprised of a plurality of sequentially 
numbered entries, each of said entries correspond- 
ing a sequentially numbered tape data record; 

storing a disk start address for each of said tape data 
records in said corresponding entry; 

converting said tape data records to disk format data 
records; 

writing said disk format data records to said disk at 
said disk start address stored in said corresponding 
entry; and 

setting a flag within said corresponding entry to indi- 
cate a valid data record. 

9. A method for mapping tape format data records to 
a disk as recited in claim 8, further comprising the steps 
Of: 

sequentially traversing said entries on said disk in 
response to a tape read command; 

sending an inter-record gap interrupt signal to a tape 
drive interface after each of said entries is tra- 
versed; 

checking said flag within each of said entries to deter- 
mine if said corresponding data record is valid; 

reading said data record from said disk beginning at 
said start address stored in said entry; and 

converting said data record from disk format data to 
tape format data. 

10. A method for mapping tape format data records 
to a disk drive as recited in claim 8, further comprising 
the step of setting said flag to indicate erased condition 
in response to an erase command. 

11. A method for mapping tape format data records 
to a disk drive as recited in claim 8, further comprising 
the step of recording a redundant directory to said disk, 
said redundant directory being identical to said master 
directory. 

12. A method for mapping tape format data records 
to a disk drive as recited in claim 8 wherein said tape 
data records are variable in length. 
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